Steroid hormones (androgens and estrogens) are crucial for development, reproduction, and communication of multicellular eukaryotes. The ubiquitous distribution and persistence of steroid hormones in our ecosystems have become an environmental issue due to the adverse effects on wildlife and humans upon long-term exposure. Microbial degradation is critical for the removal of steroid hormones from ecosystems. The aerobic degradation pathways for androgens and estrogens and the anaerobic degradation pathway for androgen have been studied into some details; however, the mechanism for anaerobic estrogen degradation remains completely unknown. Here, we presented the circular genomes of D. oestradiolicum DSM 16959
Introduction
Steroid sex hormones, including androgens and estrogens, play essential roles in the physiology, development, reproduction, and behaviors of vertebrates. The occurrence and persistence of steroid sex hormones in our environments, especially in aquatic ecosystems, result in interruption for animal physiology and behavior. Lambert et al (2015) showed that for amphibian, long-term exposure to estrogens even at extremely low concentration lead to a female-dominated frog population.
Moreover, estrogens not only act as endocrine disruptor but have also been classified as Group 1 carcinogens by the World Health Organization (http://monographs.iarc.fr/ENG/Classification/latest_classif.php).
The ability to produce steroid sex hormones is only conserved in eukaryotes, but interestingly, bacteria appear to be the major steroid degraders in the biosphere (Holert et al., 2018) , and adopt various catabolic pathways to degrade these recalcitrant compounds depending on the oxygen availability (Chen et al., 2017; Casabon et al., 2017) . In general, under aerobic condition, bacteria adopt the 9,10-seco pathway (Bergstrand et al., 2016) and the 4,5-seco pathway (Chen et al., 2017 (Chen et al., , 2018 to degrade androgens and estrogens, respectively; under anaerobic condition, denitrifying bacteria degrade androgens through the 2,3-seco pathway (Wang et al., 2013; Yang et al., 2016) . To date, only betaproteobacterial Denitratisoma oestradiolicum DSM 16959 (Fahrbach et al., 2006) and gammaproteobacterial Steroidobacter denitrificans DSM 18526 are capable of anaerobic estrogen degradation (Fahrbach et al., 2008) ; however, their anaerobic catabolic mechanism remains unclear. In this study, we sequenced and annotated the genome of two estrogen-degrading anaerobes-D. oestradiolicum DSM 16959 and Denitratisoma sp. strain DHT3-from a municipal wastewater treatment plant. The comparative genomic analysis showed that these two betaproteobacteria harbor genes involved in anaerobic degradation for steroidal ABCD rings. Moreover, the genes only identified in three estrogen-degrading anaerobes might play important roles in estrogens catabolism.
Material and Methods

Genome sequencing, assembling and annotation
Genomic DNA of strain DSM 16959 and strain DHT3 were extracted using the Easy Tissue & Cell Genomic DNA Purification Kit (GeneMark, Taiwan). The workflow for genome sequencing and bioinfomatic analysis is availabe in Figure 1 . et al., 2016) .
Comparative genomic analysis
The bacterial comparative genomic analysis was based on the gene orthologue shared between the genomes of 6 steroid-degrading aerobes and anaerobes, including
Sphingomonas sp. strain KC8 (Chen et al., 2017) , Sterolibacterium denitrificans DSM 13999 (Warnke et al., 2017) , Thauera terpenica strain 58Eu (Foss and Harder, 1998 
Results and Discussion
The phylogenetic analysis showed that strain DHT3 displayed highest 16S rRNA gene similarity (97.5 %) to D. oestradiolicum DSM 16959 (Fahrbach et al., 2006) , suggesting that this strain belongs to the genus Denitratisoma. Therefore, this microorganism is named as Denitratisoma sp. strain DHT3 in this study.
Genome of Denitratisoma sp. strain DHT3. In the present study, we obtain the high-quality circular genome of the strain DHT3, which was sequenced by two sequencing technologies. The Illumina and PacBio sequencing systems generated 11,617,819 reads (read length 125x2 bp) and 68,673 reads (read length 15,254-bp), respectively. After the quality trimming, the total read length from high-throughput sequencing was ∼2,503 Mbp. Through PacBio sequencing, 19 contigs with N50 as 3.7
Mbps were obtained. After correction by the Illumina reads, one chromosome with 3.7
Mbps was revealed with 223-fold coverage of the genome ( Casabon et al., 2017; Wu et al., 2019) . We identified several genes involved in this β-oxidation (B9N43_01490 ~ 01520, 03830 and 04285).
In the strain DHT3 genome, we noted the gene cluster (B9N43_4420~4465) for 3-(7a-methyl-1,5-dioxooctahydro-1H-inden-4-yl)propanoic acid (HIP) catabolism (namely the steroid C/D-rings degradation) We also identified the genes involved in the steroid A/B-rings degradation through the 2,3-seco pathway, including the gene pseudogenes were identified. Reported as an estrogen-denitrifying bacterium (Fahrbach et al., 2006) , several steroid degradation genes were identified in DSM 16959 genome (Table 3) .
Comparative genomic analysis. To further mine genes involved in steroid anaerobic catabolism, 6 bacterial genomes of different steroid degraders were chosen for this analysis. Up to 689 homologous gene clusters are shared among these genomes (Figure 2) , including the genes involved in the 2,3-seco pathway and in steroid C/D-rings degradation. The latter implies that HIP might be the common metabolite in either aerobic or anaerobic degradation pathways. Based on their physiological characteristics and genomic difference analysis, we found that there are 45 homologous gene clusters were only identified in these estrogen denitrifying bacteria (strain DSM 18526, DSM 16959 and DHT3), and 41 of them are single copy genes. Strikingly, 10 of these shared genes are located in two confined area in each of the genome, and most of their function are unknown through this analysis (Table S1; cluster_name: cluster0020 ~ 0028). As a result, these 10 genes might be the key to unveiling the biochemical pathway of anaerobic estrogen degradation (Table S1 and   Table 3 ).
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|| DSM 18526 is a facultative anaerobe and its steroid degradation ability can be referred to (Yang et al., 2016) (Fahrbach et al., 2008) . ¶ Accession number in the GenBank of NCBI. (3) B9N43_05455~05470 (4) B9N43_11160~11175 (4) B9N43_15060~15070 (3) CBW56_04635~04645 (3) CBW56_13870~13885 (4) CBW56_02265~02275 (3) CBW56_02870~02880 (3) CBW56_17885~17895 (3) ACG33_RS10675~10690 ( 
